C erebrospinal fluid diversionary methods have many potential complications (e.g., infection, obstruction, and CSF malabsorption at the distal site). Today, the most common site of implantation is the peritoneum. Other commonly used sites include the pleural cavity and the heart. When these sites cannot be used because of malabsorption or congenital or acquired pathology of these cavities, the surgeon must investigate less frequently used anatomical receptacles (e.g., the gall bladder). One site that, to our knowledge, has not been explored as a potential receptacle for CSF is the marrow space of the ilium. The present study was performed to investigate the feasibility of infusing large amounts of fluid into the ilium. This model will assess the capability of the ilium as a receptacle for CSF diversion.
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Methods
We used 5 fresh human cadavers (2 male and 3 female) who were less than 4 hours from the time of death and aged 56-87 years (mean 79 years) at death. None of the cadavers had previously undergone any prior surgical intervention near the ilium. With each cadaver supine, we made a small 2-cm skin incision along the anterior aspect of the iliac crest. To access the cancellous bone, we pushed an 8-to 10-mm-diameter, sharp-tipped, metal trocar into the iliac crest parallel to its anterior and posterior walls and to a depth of approximately 3-4 cm. A fluid injector (Duotronic Injector, Edwards Equipment Co.) was used to introduce fluid into the defect (marrow cavity) through a metal trocar (1-cm diameter), and bone wax was used to ensure a good seal between the trocar and the round defect made into the ilium. Tap water was infused at 3-10 psi (mean 5 psi) over 40-60 minutes (mean 52 minutes). Because of the nonfunctioning circulatory system of the cadavers, the injection time was limited to 1 hour. To observe for distal fluid accumulation within the bony intramedullary systems of the body, we made a small hole into the left or right tibia to ensure intramedullary egress of infused fluid. Finally, the cranial, thoracic, and abdominal cavities were opened and examined for fluid loss or accumulation ( Fig. 1) . obJect Additional distal sites for placement of CSF diversionary shunts may be necessary in some patients. The present study aimed to investigate the marrow space of the ilium as a potential receptacle for CSF in patients with hydrocephalus. Methods Cannulation of the marrow space of the ilium was performed in 5 fresh human cadavers less than 4 hours from time of death. Tap water was infused via a metal trocar for approximately 60 minutes. results A total of 30 L of water was easily injected into all cadaveric specimens without overflow from the infusion site or noticeable edema of the body. Upon inspection of the thoracic and abdominal cavities, no fluid accumulation was identified, ensuring that all infused fluid had gone into the vascular system. coNclusioNs Based on this cadaveric study, the ilium appears to be an ideal location for placement of the distal end of a CSF diversionary shunt when other anatomical receptacles are not an option. In vivo human studies are now required to verify these findings.
results
We were able to use the trocar to enter the intraosseous compartment of the ilium in all cadaveric specimens without difficulty. The trocar was used to disrupt the fine trabeculae within this compartment. We injected a total of 30 L of fluid into all specimens without overflow from the infusion site or noticeable edema of the torso. At approximately 10 minutes after infusion, egress of water was noted from the tibia, which represents filling of the vascular and intramedullary spaces of the body. Upon direct inspection of the cranial, thoracic, and abdominal cavities, no fluid accumulation was identified, confirming that all infused fluid had gone into the vascular system. In all cadavers, we inserted the distal 6-cm-long shunt tubing (Medtronic) into the marrow cavity of the ilium.
discussion
Different routes and alternate repositories for CSF diversion have been described. Other than the more commonly used peritoneal, pleural, and atrial cavities, other examples include the Fallopian tubes, gall bladder, and thoracic and parotid ducts. Proposed intraosseous locations for CSF diversion have included the mastoid process and diploic spaces. 6, 8 Intradiploic CSF fistulas are further evidence for the ability of the intradiploic space to absorb CSF. 1 Intraosseous infusion into the tibia for emergent fluid resuscitation is well known.
3 A lesser-known site for this type of fluid delivery is the sternum. This site has been found to be easier to penetrate compared with the tibial plateau or distal femur and accommodates the administration of emergency drugs and fluids, including crystalloid solutions, albumin, and blood products. 4 One report found no difference between sternal intraosseous infusion and peripheral vascular access in adults in terms of blood pressure response and there were no complications. 2 We have reported our findings that the manubrium of the sternum might be considered as a site to implant distal CSF shunts. 7 This earlier animal study also demonstrated that long-term intraosseous infusion was well tolerated and without complications.
Our study describes the ability of the marrow spaces of the postmortem human ilium to accept at least 30 L of fluid during a 1-hour time period. Marrow spaces have been found to tolerate flow rates of up to 80 ml/min for gravity drip and more than 150 ml/min from a syringe bolus.
Since CSF is produced at approximately 0.33 ml/min, this capacity for fluid ingress would seem more than adequate to handle such additional fluid load in patients with hydrocephalus. The pathway from the medullary space of the ilium would be first to the intraosseous veins of this bone, drainage into medullary veins leaving the bone, entry into the inferior vena cava, and then to the heart. For implantation of a ventriculoiliac shunt system, we would foresee placement of a standard ventricular catheter, with the distal tubing passed subcutaneously to the region of the lower lateral abdominal wall after the catheter is connected to a valve. The previously described devices that insert the distal catheter into the diploic space may also be used to maintain the catheter within the bone marrow of the ilium. 3, 6 Osteomyelitis of the ilium would be a contraindication to our technique. 4 Potential complications would also include osteomyelitis. Due to the vicinity of the ilium to the abdomen, the former may be used as a receptacle for the distal shunt catheter during shunt revision, if the abdomen 
